The widespread occurrence of microplastic has invaded the environment to an extent that it appears to be present throughout the globe. This review investigated the global abundance and distribution of microplastics in marine and freshwater ecosystems. Furthermore, the issues and challenges have been addressed for better findings in microplastics studies. Findings revealed that the accumulation of microplastics varies geographically, with locations, hydrodynamic conditions, environmental pressure, and time. From this review, it is crucial that proper regulations are proposed and implemented in order to reduce the occurrence of microplastics in the aquatic environment. Without appropriate law and regulations, microplastic pollution will eventually threaten human livelihood.
Introduction
In the modern world, dependency on plastic polymers for the production of consumers' products is inevitable, particularly in reducing the manufacturing costs for lightweight yet durable goods. This is evident in the production of basic goods such as clothes and cosmetics, and in complicated and high-tech products such as aircraft and rocket nozzles. Even in the medical field, plastic goods play a crucial role as aseptic and disposable tools which guarantee the highest hygienic level. Therefore, the importance of plastic for today's consumers is undeniable. Yet, the conflicts of plastic after-use have begun to haunt human civilization and threaten the ecosystem equilibrium.
Plastic production and the manufacturing of plastics goods underwent a rapid increase during and after World War II, when these 'pliable and easily shaped' polymers gained popularity in replacing limited natural products such as ivory, wood, metal, stone, bone, tusk, and horn (Science History Institute, 2018) . The production of plastic in 2016 reached 335 million tonnes, and this is expected to increase (Statista, 2018) . The annual consumption of petroleum in plastic manufacturing has reached 4%, whilst another 4% is consumed to supply energy for the plastic manufacturing industries (WorldWatch Institute, 2015) . This significant percentage of plastic products after their life-span will end up in the environment, and due to the fact that plastics are hardy and durable, they remain in the environment for decades. In 2012, only 26% or approximately 6.0 million tonnes and 9% or 2.5 million tonnes of post-consumer plastics were recycled in the European Union (EU) and US, respectively (WorldWatch Institute, 2015) . However, more than 8.75 million tonnes of plastic in the EU and 29 million tonnes in the US were discarded, highlighting the fact that recycling fails to prevent the intrusion of post-consumer plastics in freshwater and marine ecosystems (WorldWatch Institute, 2015) .
Resulting from the presence of plastics in the aquatic ecosystem, various studies have been conducted to understand the impact they pose to the food chain and ecosystem health. Among the most crucially investigated is the microplastic pollution in the marine and freshwater ecosystems. Microplastics may enter the sea and ocean via terrestrial pathways, where microplastics migrate with surface water flow and river channels, and anthropogenic activities at sea such as fishing, shipping, and sports. Microplastics, comprising primary microplastics, and secondary microplastics are equally detrimental to the aquatic ecosystem since they may enter the food chain via biomagnification and bioaccumulation within aquatic organisms. This paper reviews the current situation of microplastic pollution in the world today. The various sources and impacts of the microplastics are discussed, while the challenges and issues pertaining to microplastics monitoring and management are deliberated, followed by the recommendation to reduce the impact of microplastic via its appropriate management.
Global distribution and abundance of microplastic
The pollution of microplastics varies geographically with locations. Microplastic abundance and distribution is chiefly determined by environmental (Imhof et al., 2017; Kim et al., 2015; Veerasingam et al., 2016) and anthropogenic factors (Sarafraz et al., 2016) . However, environmental factors may well play a greater role in the distribution of microplastic than anthropogenic factors (Herrera et al., 2017; Zhang et al., 2016) . Environmental factors include wave currents , tides, cyclones, wind directions (Browne et al., 2010a; Kukulka et al., 2012; Liubartseva et al., 2016; Sadri and Thompson, 2014; Thiel et al., 2013) , and river hydrodynamics (Besseling et al., 2017) that define the distribution of microplastic. Microplastic concentration will be high where these environmental factors are more intense (Brach et al., 2018; Desforges et al., 2014; Fauziah et al., 2015) . On the other hand, anthropogenic factors are human activities that lead to the accumulation of plastic debris in the environment. Various units were employed to express the concentration of microplastics; hence, this paper summarizes the worldwide distribution and abundance of microplastics according to the different units utilized.
Microplastics in the marine environment in Asia
A significant amount of studies have been carried out on the distribution and abundance of microplastics in Asia. They cover a wide range of microplastics -namely, fragments, lines, films, foam, pellets, and microbeads. Both qualitative and quantitative data on the distribution and concentration of total microplastic in Asia are available (Tables 1-9 ). However, the distribution of microbeads in Asia is not well documented. Microbeads were found in Japanese marine water (Isobe, 2016) and in Hong Kong (Cheung and Fok, 2016 ). An astonishing amount -342.2 billion items of microbeads -were reported by Cheung and Fok (2016) in Hong Kong. Another primary microplastic -pellets -were recorded on the beaches of Goa, India (Veerasingam et al., 2016) . Temporal and spatial variation was observed in the abundance of pellets. The concentration of pellets was higher in June (1655 pellets) than in January (1345 pellets), whereas, the southern coast of Goa had a greater abundance of pellets (1150) than the northern coast (505). A total of 3000 pellets were recorded over the entire period of this study. These pellets were suggested to be from unintentional spillage from ships.
The majority of the microplastic recorded in the marine environment of Asia were secondary microplastics. China is among the top three biggest producers of plastic waste in the world (Rochman et al., 2013) . Hence, it was not a surprise when microplastics were widely abundant in the coastal areas of the country; from the southwest (Beibu Gulf and China Sea) to the southeast (Oujiang, Jiaojiang, and Minjiang estuaries), and from the southeast to the northeast (Bohai Sea). In southeast China, microplastic density in Minjiang Estuary was higher than the other two estuaries, Oujiang and Jiaojiang (Zhao et al., 2015) . A recent typhoon had resulted in an increase in the concentration of microplastics in the typhoon-affected area, which is congruent with other studies, as environmental factors increase plastic debris, such as wind direction and rainfall (Brach et al., 2018; Lattin et al., 2004; Moore et al., 2002) .
High diversity in the composition of microplastics in Bohai Sea was due to the presence of industries, urbanized areas, tourism-related activities, and the closed nature of Bohai sea, thus providing a greater opportunity for the accumulation of different types of microplastics, as reported by Yu et al. (2016) .
Expanded polystyrene (EPS) is mainly observed in eastern and south-eastern Asia, whereas, polyethylene (PE) and polypropylene (PP) is found in almost all parts of Asia. Peninsular South Korea has abundant EPS on all three coastal sides Kang et al., 2015; Kim et al., 2015; Lee et al., 2013) . EPS was also reported in Hong Kong (Fok and Cheung, 2015) .
The abundance of microplastic is higher during rainy season than that in dry season. The density of microplastics in Nakdong River, South Korea, increased from 260 to 1410 items/m 3 (dry season) to 210 to 15,560 items/m 3 (rainy season) (Kang et al., 2015) . Similarly, a greater abundance of microplastic was observed in Hong Kong during rainy season (Fok and Cheung, 2015) . On the contrary, no seasonal variation was observed in Hong Kong by Tsang et al. (2016) . The distribution of microplastic was also affected by season as anticyclonic rotation resulted in the transportation of microplastic debris from the north to south coast of the Bay of Bengal, where a traverse study was carried out by Eriksen et al. (2017) .
The temporal distribution of microplastic in Singapore was observed by Nur Hazimah and Obbard (2014) . They compared the microplastic concentrations from 2014 to 2006, which were higher than the concentration of microplastic recorded in 2006 by Ng and Obbard (2006): 12.0-62.7 items/kg of dry sediments in 2014, and 0-16 items/kg of dry sediments in 2006, respectively. Whereas, in a study by Fauziah et al. (2015) , conducted on the abundance of microplastics in the beaches of Peninsular Malaysia, 265.30 g/m 2 of microplastics were reported, comprising polystyrene (PS) and PE. 
Western China
Lake Hovsgol and those lakes within the Siling Lake basin in northern Tibet, which are characterized by a low population density with very limited human activities, were studied showing the abundances ranging from 8 ± 14 to 563 ± 1219 items/m 2 (Zhang et al., 2016 ). These results demonstrate the presence of microplastics even where there are minimum impacts from human activities. This was supported by Free et al. (2014) who reported that low-density populations can heavily pollute freshwater systems with consumer plastics without the presence of proper waste management. Studies on freshwater microplastics are shown in Tables 6-9 . Wang et al. (2017b) recorded a negative correlation between microplastic concentrations and the distance of lakes from the urban centre. However, the presence of microplastics PE and PP were significant and even higher than the microplastics abundance in the most developed area of China, and in Asia.
East China
Taihu Lake, the third largest Chinese lake located in one of the most developed areas of China, was reported to contain an abundance of microplastics that reached 0.01E 6 -6.8E 6 items/km 2 in plankton net samples, 3.4-25.8 items/L in surface water, 11.0-234.6 items/kg dry weight (dw) in sediments, and 0.2-12.5 items/g wet weight (ww) in Asian clams (Corbicula fluminea) . The microplastics were principally composed of fibres, ranging 100-1000 µm in size, and cellophane, followed by PE, terephthalate, polyester (PES), terephthalic acid, and PP.
Northern China Peng et al. (2018) investigated microplastic occurrence in river sediments in Shanghai, the largest urban area in China, and found an average microplastics abundance of up to 802 ± 594 items/kg of dw, which was dominated by spheres and PP as the most prevailing polymers presented.
Central China Wang et al. (2017b) reported the levels of microplastics in the surface water of 20 urban lakes and urban reaches of the Hanjiang River and Yangtze River of Wuhan, the largest city in central China, with microplastic densities ranging from 1660.0 ± 639.1 to 8925 ± 1591 items/m 3 , with the highest concentration found in Bei Lake. However, these concentrations were found to be relatively lower than most of the studied lakes (Wang et al., 2017b) . More recently, the density of microplastics ranging from 1597 to 12,611 items/m 3 in surface water and 25-300 items/kg ww in sediments was reported in the surface waters and sediments from the Three Gorges Reservoir, the largest reservoir in China located across the Chongqing municipality and Hubei Province where the Yangtze River flows (Di and Wang, 2018) . Microplastic concentrations showed a high heterogeneity, with fibre being the most frequent shape found. Polyethylene terephthalate (PET), PS, and PP were the dominant polymer-types of microplastics analysed (Di and Wang, 2018; Wang et al., 2017a) . Free et al. (2014) quantified pelagic microplastics and shoreline anthropogenic debris in a large, remote mountain lake in Lake Hovsgol, Mongolia. Average microplastic density was reported to be 20,264 items/km 2 , which was greater than those more developed Lakes Huron and the Laurentian Great Lakes, despite its remoteness, protected status, and low population density, with fragments and films being the most abundant microplastic-types present (Eriksen et al., 2013; Zbyszewski and Corcoran, 2011) . Sruthy and Ramasamy (2017) presented the first study of microplastics in the sediments of Vembanad Lake, recording 252.80 ± 25.76 items/m 2 , with low-density PE dominating 26%-91% of the plastic items. This is comparable to 263 items/m 2 reported in Papua New Guinea mangrove sediments (Smith, 2012) .
Northern Mongolia

Southern India
Inland waters in Australia have a high potential to be polluted with microplastics. Table 10 shows the studies conducted on microplastics in freshwater ecosystems across Australia. Ziajahromi et al. (2017) reported an average of 0.28, 0.48, and 1.54 items/L of final effluent in tertiary-, secondary-, and primary-treated effluent, respectively. The dominant polymer-type identified was PET fibres and irregular-shaped PE which normally originate from synthetic clothing and personal care products.
Europe
The existence of microplastics in the sediments, marine (Tables  11-15 ) and freshwater , and organisms across Europe were studied. The abundance of microplastics in Italy showed greater concentrations towards landward sites due to pollution from human population and dense industries. Human density, activity, urban development, tourism, and environmental pressure are directly proportionate with the concentrations of microplastics ( Barnes et al., 2009; de Lucia et al., 2014; Frère et al., 2017; Gündoğdu & Çevik, 2017; Tubau et al., 2015) . Specifically, high human settlement with more than 95% of the total population may result in high concentrations of microplastics in the aquatic systems (Collet and Engelbert, 2013) . Table 5 reports the occurrence of microplastics in freshwater across Europe. In contrary with Lambra, Spain, a remote beach which is infrequently visited has recorded to be the most polluted beach (Herrera et al., 2017) . The presence of microplastics in remote areas is due to the oceanic currents, which lead to high dispersion patterns (Martinez et al., 2009 ). Based on Claessens et al. (2011) , the remote area of Scapa Flow, UK, recorded a significant amount of microplastics, as compared to that along the Belgian Coast (66 items/kg sediment). Hence, relative remoteness is not a predictor for lower microplastics concentration. Moreover, Ogata et al. (2009) claimed that remote areas of the world's shores are becoming sites for the preproduction of resin pellets.
Microplastics pollution in Cova de Alfarroba, Portugal, the most exposed beach in the country, recorded significant accumulation of debris due to the degree of shore exposure (Blumenroder et al., 2017) . The abundance, distribution, and density of microplastics are affected by hydrodynamic conditions (Browne, 2007; Browne et al., 2010b) in addition to the circulation of the upper sea surface (Frère et al., 2017) . Microplastics concentration could also be a result of wind direction and velocity, enhancing the mixing and vertical redistribution in the water column (Collignon et al., 2012) . However, Ruiz-Orejón et al.
(2016) reported a weak direct correlation between the concentration of weight and surface current speed (m/s). This leads to an accumulation of microplastics caused by a northerly wind, whereas the East and North surface current direction results in greater weight concentrations. Moreover, intense winds can consistently transport surface debris to the area (Aliani et al., 2003) .
Italy, Portugal, and the UK recorded the presence of microplastics (PE, PP) in the sediment. The existence of buoyant microplastics in the sediment explained the presence of a sedimentation process which trapped various types of plastics in the sediments . The sinking of these types of microplastics relate to the process of aging which alters the item density, shape, and the development of surface biofilm (Cózar et al., 2014; Long et al., 2015) . The greatest spatial densities of pellets on Maltese beaches are coherent with those on the tidal beaches of the world (Kuriyama et al., 2002) . However, the variability of the pellets' colour, shape, and size from Malta and other regions of the Mediterranean are much less varied (Karapanagioti and Klontza, 2007) . Another study that was conducted in the North Atlantic Ocean revealed material densities ranging from 0.808 to 1.24 g ml −1 (Morét-Ferguson et al., 2010) . The samples in this density range are consistent with high-density polyethylene, low-density polyethylene, and polypropylene. 
Africa
In South Africa, a range of 340.7-4757 items/m 2 were found in beach sediments (Nel and Froneman, 2015) . However, a lower density range of microplastics was observed in the water column, from 204.5 to 1491.7 items/m 3 (Nel and Froneman, 2015) ; 8.5 items/m 3 were reported offshore Namibia (Kanhai et al., 2017 ). An abundance of microplastics in the Bloukrans River system was examined based on temporal differences in river flow (Nel et al., 2018) . Greater concentrations of microplastic were recorded during the winter season (160.1 ± 139.5 items/kg) as compared to during summer (6.3 ± 4.3 items/kg), likely as a result of the lower energy associated with reduced river flow, hence lowering the downstream transport of microplastics.
North America
It is important to understand the distribution of microplastics in North America since this continent is adjacent to the Atlantic Ocean on the east and the Pacific Ocean on the west. Both oceans have an extremely dynamic nature due to strong currents, tides, wave action, and occurrences of hurricanes. The mean density of microplastics in the water column of Greenland increased from 0.99 items/m 3 to 2.38 items/m 3 in 2005 -2014 (Amelineau et al., 2016 .
Microplastic has been found in the coasts of Louisiana, in the northern part of the Gulf of Mexico. The abundance of microplastic in the coasts of Louisiana is among the greatest worldwide. This greater abundance of concentration of microplastic on the inner continental shelf of the northern Gulf of Mexico is similar to what has been reported for semi-enclosed marine waterbodies such as the Mediterranean Sea (Cozar et al., 2014) . Wessel et al. (2016) found higher concentrations of microplastics in marine-dominated areas (50.6 ± 9.96 items/m 2 ) than in freshwater-dominated areas (13.2 ± 2.96 items/m 2 ). Moreover, microplastics found in the marine-dominated area were higher in density than the microplastics found in the freshwater-dominated area. It is hypothesized by Wessel et al. (2016) that the greater the surface area of a water body is, and the higher the residence time of the water, the greater the chances are of the abundance of microplastics, since marine debris is exposed to tides, waves, currents, and winds for longer periods of time. Tables 19-21 show the abundance of microplastics in the marine ecosystems of North America. Wessel et al. (2016) reported that 38.6% of total microplastics ranged between 0.2 mm and 1 mm in size, whereas approximately 15% were between 1 and 5 mm, highlighting that the abundance of microplastic in the shorelines was greater than in open waters.
In the New England province, Carpenter et al. (1972) reported the presence of microplastic in sediments of New England. Desforges et al. (2014) mapped the distribution of microplastic and it was evident that microplastic concentration was two to three times higher in the North East Pacific Ocean closer to land than away from land. Williams et al. (2011) reported high concentrations of marine debris in British Columbia, which is congruent with findings by Desforges et al. (2014) , although marine debris was (macro)plastic. In a quantitative study conducted by Sutton et al. (2016) on the surface water of San Francisco Bay, 15,000-2,000,000 items/ km 2 of microplastics were reported.
A study conducted in the Chicago River reflected the significance of wastewater treatment plants (WWTPs) in contributing microplastics to the river by having higher downstream concentrations as compared to concentrations in the Great Lakes. Estahbanati and Fahrenfeld (2016) further reported the influence of WWTP discharges on microplastic concentrations and on the prevalence of a wide size distribution in the surface water. Increases in microplastic concentrations were observed for the 125-250 µm and 250-500 µm size categories downstream, which were consistent with the results in Chicago River. Tables 22-25 detail the microplastic abundance in freshwater ecosystems in North America. The abundance of microplastics on the east coast of the South America continent is greater than that on the west coast of the continent. Less human population and the highly dynamic nature of the South East Pacific Ocean on the west coast, namely Panama City of Panama, through Buenaventura and Tumaco of Colombia, La Libertad of El Salvador, Lima of Peru, Coquimbo, Concepción, and Puerto Montt of Chile, are probably the main factors contributing to the low abundance of microplastic (Orya et al., 2018 Whereas, in a study conducted by Retama et al. (2016) in Huatulco Bay, 2-69 items of microplastic were found in 10 g of beach sediments.
Microplastic density was higher in Brazil during the rainy season due to gushes of water entering the estuary. This pattern of high microplastic density is congruent to the pattern in Southeast Asia (Fok and Cheung, 2015; Kang et al., 2015; Zurcher, 2009) . Thirteen beaches in Sao Paulo were reported to accumulate microplastics in the beach zones, mainly between the back shores and coastal dunes, with primary microplastics recorded in Fernando de Noronha beach (Moreira et al., 2016) . Another study by Turra et al. (2014) reported 0.1 items/kg of microplastics in the beach sediments of Sao Paulo. On the eastern beaches of Brazil, a greater number of microplastics -310 items/kg -were reported by Costa et al. (2010) Silva -Cavalcanti et al. (2017) examined the ingestion of microplastics by Hoplosternum littorale, a common freshwater fish in the Pajeú River, in semi-arid regions of the northeast of Brazil. Some 83% of the fish had ingested plastic debris, far above the range of 5%-45% reported for other freshwater and estuarine fish species. Eriksen et al. (2017) reported a traverse that started from offshore Chile and ended in the South Pacific in the westward direction to detect approximately 10,000 items/km 2 of microplastics in the South Pacific offshore of Chile. The highest concentration was recorded to be more than 50,000 items/km 2 near Rapa Nui Island, and near the Salas and Gomez islands of Chile (Eriksen et al., 2017) . On the other hand, on the beaches of the southeast Pacific coast, microplastic was reported to be recorded at 1-805 items/m 2 by Hidalgo-Ruz and Theil (2013) . Table 8 shows the abundance of microplastics in the sediment and water of the South Americas.
Antarctica
Offshore and nearshore sampling was carried out at Ross Sea, Antarctica, and the abundance of microplastics were reported to be lower than that reported in other offshore and nearshore locations in the world (Brach, et al., 2018; Eriksen et al., 2017; Lusher et al., 2014) . Microplastic range was 0.0032 to 1.18 items/m 3 , with a mean value of 0.17 ± 0.34 items/m 3 , dominated by PE and PP (Cincinelli et al., 2017) .
Atlantic Ocean
For microplastics in the North Atlantic Ocean, Brach et al. (2018) reported 20,000 items/km 2 in cyclonic eddies, whilst 170,000 items/km 2 were recorded in anticyclonic eddies. A cyclonic eddy in the North Pole moves counter-clockwise, where the centre is cooler and the cyclonic eddy is upwelling such that the centre is lower than the surroundings. Whereas, an anticyclonic eddy in the North Pole moves clockwise, where the centre is warmer so it is downwelling, such that the centre is higher than the surroundings. Anticyclonic eddies are abundant in nutrients, zooplanktons, and, as reported in this study, plastic. Lusher et al. (2014) estimated the density of microplastics in the northeast Atlantic Ocean to be 2.46 items/m 3 . Kanhai et al. (2017) studied a stretch of 13,603 km from Bremerhaven, Germany, to Cape Town, South Africa. The average microplastic abundance in the Atlantic Ocean was 1.15 ± 1.45 items/m 3 , with the range of microplastic abundance from the North to South Atlantic Ocean reported as 0-8.5 items/m 3 ; the majority of sampling sites had a range of microplastic concentrations of 0-2.5 items/m 3 (Kanhai et al., 2017) . However, four sampling sites had higher concentrations of microplastics than the majority: in the northeast, 3.5 items/m 3 were reported in the Bay of Biscay; 3.5 items/m 3 were reported from the western coast of Portugal, below the Bay of Biscay; 6-6.5 items/m 3 were reported on the western coast of Portugal; and, in the South Atlantic Ocean, 8.5 items/m 3 were reported for offshore Namibia (Kanhai et al., 2017) . The chemical composition of the majority of microplastics was PE (50%), PA or acrylic/PES (42%), and 8% acrylic, PA, PP, polyvinyl chloride (PVC), PS, and Polyurethane (PUR) (Kanhai et al., 2017) . This study was carried out far offshore, not in the proximity to mainland where higher concentrations of microplastic were suspected. Moreover, microplastic concentrations have been reported as higher at the north and south subtropical gyres, and sampling had been performed at different depths.
Arctic Ocean
Obbard et al. (2014) reported a range of 38-234 items/m 3 of microplastics from the ice cores in the Arctic Ocean region, which indicates that the presence of microplastics in the environment is longer than previously assumed since the sedimentation of microplastics occurred in the Arctic Ocean region. The types of microplastic items recorded were PA, PP, PS, and PE. Deep-sea sediments and corals from a depth of 3500 m in the Mediterranean Sea, southwest Indian Ocean, and northeast Atlantic Ocean have been reported to contain 13.4 items/50 ml of sediment (Woodall et al., 2014) . From this review, it is obvious that microplastics are abundant throughout the globe. Thus, the impacts from this pollution are inevitable. The consecutive sections assess the impacts of microplastics in the aquatic ecosystems.
Impacts of microplastics
Microplastics are pervasive in the environment and have been quantified as having numerous size ranges, from 1 mm to 10 mm Claessens et al., 2011; Derraik, 2002; Graham and Thompson, 2009 ), whilst nanoparticles have been recorded as less than 100 nm in size (Rosse and Loizeau, 2003) . Therefore, the ubiquitous plastic debris in the ecosystem has caught the public's attention regarding the impacts of microplastics on living organisms.
Physical impacts of microplastics
The abundance of microplastics on the beach can alter the physical properties of the sediment by reducing heat conductivity and increasing the grain size and water permeability . Various impacts have been reported on the changes of the physical properties of beach sediments that effect marine biota. Plastic fragments provide new homes for the biota that have benefits over the abundance of microplastics in the marine water. Moore et al. (2001) collected PE plastic fragments from the North Atlantic and observed colonized pathogens on the surface of the plastics. According to Majer et al. (2012) and Goldstein et al. (2012) , plastic pellets are used as deposit or egg-laying sites by Homalopoma micans, with an average of 5-48 eggs per pellet. The transportation of this organism by floating plastics can act as an invasive species to other marine organisms (Barnes, 2002) . Eventually, the plastics debris could alter the existing environmental conditions that may cause impacts to the other living marine organisms (Chisholm et al., 2011) .
The presence of microplastics was 29.2% greater in fish from rivers in urban areas than in fish from rivers in non-urbanized areas (Phillips and Bonner, 2015) . Whereas, on the western coast of the Gulf of Mexico, the abundance of marine fauna containing microplastics were recorded for the following locations: 5.9% fish in harbours; 13.5% fish in bays; and 22% fish offshore (Phillips and Bonner, 2015) . Phillips and Bonner (2015) claimed that the occurrence of microplastics ingested by the fish sampled under-represents the amount of microplastics present in the marine and freshwater environment. Thus, they suggested further research on the abundance of microplastics in the aquatic ecosystem of the study area. The ingestion of microplastics by fish in urbanized water channels is estimated to be in the range of 6.8%-29% .
Freshwater birds, such as ducks in South Africa, have been reported to be exposed to microplastics in their environment. In terms of shape, fibres are the most commonly ingested (Reynolds and Ryan, 2016). Moreover, this ingestion of microplastics by freshwater fauna in South Africa has been congruent to the study conducted in Canada where microplastics were found in the digestive tract of 14 species of fauna (Holland et al., 2016) .
In the Mwanza region of Tanzania, located on the southern shore of Lake Victoria, plastics were recorded in the gastrointestinal tracts of locally fished Nile perch (Lates niloticus) and Nile tilapia (Oreochromis niloticus) (Biginagwa et al., 2016) . Plastics were confirmed in 20% of fish from each species and the polymers recovered were PE, PUR, PES, PP, copolymer, and silicone rubber. Another study was carried out on the microplastic levels estimated from sediment and Chironomus spp. larvae collected along the Bloukrans River system, in the Eastern Cape, South Africa, experiencing temporal differences in river flow (Nel and Wasserman, 2018) . Microplastics had an overall average density of 6.3 ± 4.3 (n = 21; ± standard deviation) and 160.1 ± 139.5 items/kg (n = 23) for the summer and winter seasons, respectively. Some 75% of all Chironomus spp. samples contained microplastics during summer, but increased to 98% during winter. This study revealed that deposit feeders such as Chironomus spp. larvae could serve as an important indicator of microplastic loads within freshwater ecosystems as there was a positive, though weakly significant, relationship between deposit feeders and sediment. Silva-Cavalcanti et al. (2017) examined the ingestion of microplastics by Hoplosternum littorale, a common freshwater fish in the Pajeú River, in semi-arid regions of the Northeast of Brazil. Some 83% of the fish had ingested plastic debris, far above the range of 5%-45% reported for other freshwater and estuarine fish species, where fibres (46.6%) were the dominant type.
The same trend was also recorded for the Chironomus spp. sampled, with 98% of all Chironomus spp. samples containing microplastics during winter, with a decrease to 75% during summer.
Eight species of fish were found to be consuming spherules. Mathalon and Hill (2014) reported the presence of microplastics in farmed mussels compared to wild mussels because farmed mussels were anchored by PP lines in Halifax Harbour, Nova Scotia. They also reported 20-80 items of microplastics in 10 g of sediments in Halifax, Nova Scotia. The composition of microplastics was PP. Table 26 lists the microplastics detected in fauna of North America.
A rather grave finding was reported by Lima et al. (2015) , where, in the north-eastern part of Brazil, during specific intervals of time, the density of microplastics is higher than the ichthyoplankton density in the Goiana Estuary. The situation becomes even more severe at the end of estuary where microplastic density increases five times more than the density of fish larvae. Silva-Cavalcanti et al. (2017) examined the ingestion of microplastics by Hoplosternum littorale, a common freshwater fish in the Pajeú River, in the semi-arid regions of the northeast of Brazil. Some 83% of the fish had ingested plastic debris, far above the range of 5%-45% reported for other freshwater and estuarine fish species.
Effects of microplastic ingestion
The access to microplastics by a wide range of organisms threatens marine and terrestrial organisms. Numerous studies have been performed to investigate the impacts of microplastics on the marine biota, yet the studies related to the accumulation of microplastics in the soil surface and their impacts are uncertain (Nizzetto et al., 2016) . The consumption of microplastics by a marine organism is possible by filter feeding, direct engulfment, the ingestion of suspension materials, water intake, and the ingestion of lower trophic species that have consumed microplastics (Baulch and Perry, 2014; Depledge et al., 2013) . Marine organisms were often exposed to microplastics through filter feeders, which involves a broad spectrum of marine species ranging from lower trophic level to higher trophic levels (Andrady, 2011) . Tables 27-30 list the microplastics detected in the selected organism. Besseling et al. (2015) reported the uptake of microplastics by humpback whale (Megaptera novaeangliae) in Wadden Sea, inland of the North Sea. A total of 45 items of possible synthetic origin were found in the gastrointestinal tract samples. The identified polymer types were PE, PP, PVC, PET, and PA.
The limited capability of the organism to identify between prey and plastics facilitates the ingestion of microplastics (Moore, 2008) . In addition, a study conducted in North Pacific Ocean revealed that marine plankton often mistake white and lightly coloured small-size plastics as food particles (Shaw and Day, 1994; Wang et al., 2016) . Since no enzymatic pathway is available to digest the microplastics, the ingested plastics remain bio-inert in the organism's system. The accumulation of microplastics in the species makes them more vulnerable to the release of toxic substances from (a) chemicals leaching from the microplastics; and (b) the adsorption of external pollutants to microplastics (Cole et al., 2011) . Innumerable studies have been conducted to demonstrate the uptake of microplastics by marine biota. The ingested microplastics can be absorbed by the body and transported to digestive systems through translocation. Browne et al. (2008) carried out an experiment to demonstrate the translocation of microplastics in marine biota. A model, Mytilus edulis, was introduced with fluorescent microspheres and it was found that the organism could ingest 2-4 µm of microplastics; after three days, 3-9.6 µm of microplastics were observed in its circulatory fluid (Browne et al., 2008) . Although harmful impact was not visible prior to microplastics ingestion by the mussels, nodular inflammation was observed in the digestive glands (Kohler, 2010) . Kiyama et al. (2012) revealed the adsorption of microplastics by terrestrial organisms, namely the nematode Caenorhabditis elegans, which has the ability to engulf PS beads. It can be concluded that this nematode is a potential agent for introducing microplastics into the terrestrial food webs. But, still, the impact of the ingestion of non-contaminated microplastics is yet to be identified (Zarfl et al., 2011) .
The engulfment of small plastics can result in physical, chemical, and biological changes in the organism. The ingested microplastics can clump together and cause blockages to the maxilliped by preventing the passage of food into the intestine tracts (Murray and Cowie, 2011) . This physical damage eventually decreases the ability of the organism to uptake food (Tourinho et al., 2010) . Table 31 lists the microplastics found in selected organisms in Africa. Hamer et al. (2014) reported the uptake of PE microplastics by Idotea emarginata over a monitoring period of seven weeks, causing a reduction in food consumptions. The introduction of microplastics in the marine organism caused an availability of microplastics in the food chain. Eriksson and Burton (2003) revealed the uptake of 2-5 mm microplastics by fur seals from Macquarie Island, which are assumed to be secondary plastics consumed by their prey, Electrona subaspera.
The exposure of nano-PS to algae has resulted in the reduction of cellular chlorophyll-a content and growth likely to be caused by the hindrance of CO 2 and nutrient directional flow by the adsorbed PS in the algae (Besseling et al., 2014; Bhattacharya et al., 2010) . Long-term exposure to microplastics may lead to growth and reproduction effects in an organism.
Although the ingestion of microplastics poses harm to marine species, some organisms have the ability to excrete the plastic fragments from the body without posing any threat. Eurytemora affinis copepods exposed to microplastics for 12 hours were recorded to ingest the microplastics and then excrete them from the system (Setala et al., 2014) . Similarly, Thompson et al. (2004) recorded the ability of polychaete worms to expel consumed microplastics into their faecal casts.
Chemicals leaching from the microplastics
Plastics are considered as plasticizers, as plastics additives are added to alter the physical properties of plastics by increasing the shelf life of degradation, thermal resistance, and resistance to oxidative damage Thompson et al., 2009) . It was reported that approximately more than 50% of plastics are made of hazardous chemicals and additives (Lithner et al., 2011; Wang et al., 2016) to decrease the extent of degradation, causing the leaching of these hazardous compounds to biota (Barnes et al., 2009; Lithner et al., 2011; Talsness et al., 2009 ). The common additives used in plastics, such as phthalates, polybrominated diphenyl ethers (PBDEs), and constituent monomer bisphenol A, can result in hormonal imbalance in organisms, along with impacts on mortality, reproductive abnormities, and neurological development depending on the concentration of chemical engulfed by the organisms (Barnes et al., 2009; Lithner et al., 2009 ).
Adsorption of external pollutants
Persistent organic pollutants (POPs) are released into marine water through wastewater from industrial chemicals and the runoff of insecticides and pesticides (Wurl and Obbard, 2004) . A small volume of substances, such as polychlorinated biphenyls (PCBs), PBDEs, and perfluorooctanoic acid (PFOA), with concentrations ranging from 1 to 10,000 ng/g (Hirai et al., 2011; Ogata et al., 2009 ), adhere to microplastics in marine water through partitioning processes (Andrady, 2011) . According to Ashton et al. (2010) , the adsorption of metal occurs when the cation of metals bind onto charged sites on the plastics surface.
Greater Van der Waals force of attraction, larger surface area, and crystallinity properties promote greater binding of organic contaminants and metals to the hydrophobic surface of small fragments as compared to that in the marine water (Ashton , 2010; Betts, 2008; Holmes et al., 2014; Karapanagioti and Klontza, 2008; Mato et al., 2001; Teuten et al., 2007) . Besides, weathering of plastics and the formation of biofilm increases the surface area and residence time, which promotes the adherence of organic pollutants on microplastics (Mato et al., 2001; Zettler et al., 2013) . Tien and Chen (2013) reported that the concentration of metal sorption increases on the surface of microplastics with aged biofilms. The biofilms alter the physical properties of the surface of microplastics, making them more suitable or convenient for the adsorption of metals (Artham et al., 2009) . Furthermore, the oxidation of ultraviolet (UV) light on the surface of microplastics alters the physical and chemical properties of the plastics, resulting in noticeable fine cracks on the surface of the microplastics, which allow the accumulation of contaminants within the cracked areas (Satoto et al., 1997; Severini et al., 1987) . Rochman et al. (2013b) reported that high concentrations of PCBs and PBDEs were adsorbed into the marine microplastics in the sampled fish as compared to virgin plastics. Similarly, it was reported that the sorption of metals on beached plastic pellets or contaminated pellets are greater when compared with pure plastic debris (Holmes et al., 2012; Turner and Holmes, 2015) as the weathering of plastics increases the polarity of the plastics (Mato et al., 2001) .
Although, the ingestion of the microplastics can lead to different problems, the impacts of the dissolved POPs in microplastics are resulting in increasing environmental concerns (Bowmer and Kershaw, 2010) . The ingestion of contaminated plastics by marine biota facilitates the route of POPs into marine food webs (Andrady, 2011) and can be transferred to higher trophic levels (Anderson et al., 2014) . Tanaka et al. (2013) conducted a study to demonstrate the transfer of organic contaminants from prey to predators. The study reported higher concentrations of PBDEs found in the tissues of birds after the ingestion of their prey, pelagic fish. The extent of POP availability in the food web becomes promising as there is no enzymatic pathway to assimilate microplastics in the marine species system . Thus, the microplastics remain bio-inert in the marine biota and toxic substances are excreted from the POPs. The toxicity of the microplastics in the biota dependents on the translocation and accumulation within the tissue, the ability to digest and excrete the pollutants, and the potential to transfer to higher trophic levels (Wright et al., 2013) . A recent study by Avio et al. (2015) revealed that the uptake of Ag by zebrafish is at a low concentration as compared to that adsorbed into the microplastics. This shows that microplastics have the potential to alter the bioavailability of absorbed pollutants.
Microplastic impacts on human health. The transfer of hazardous chemicals and microplastics into food webs poses a threat to human health. Many studies on the ingestion of microplastics by a wide range of marine organisms report that these organisms are generally consumed directly by humans (Cole et al., 2013) . A study conducted in Belgium reported that the concentrations of microplastics in Mytilus edulis and Crassostrea gigas are 0.36 ± 0.07 items/g ww and 0.47 ± 0.16 items/g ww, respectively (Van Cauwenberghe and Janssen, 2014) . The consumption of the infected marine organisms may be a route of transport of microplastics to humans (Van Cauwenberghe and Janssen, 2014) . However, the risk of microplastics to human health are dependent on the degree of uptake by enterocytes in the gut and the translocation in the infected organism tissue. The consumption of infected marine organisms can cause direct toxicity from plastics that comes from hazardous chemicals. Toxicity chemicals such as Diethylhexyl phthalate and other toxins can potentially cause cancers, birth defects, and immune system issues (Auta et al., 2017; Sutton et al., 2016) . Nevertheless, detailed information on the consumption and biological impacts of microplastics resulting from the ingestion of infected marine organisms is yet to be available.
Sources of microplastics in coastal and marine environments
There are two types of microplastics: primary microplastics that are made for the sole purpose of utilization -namely, pellets or microbeads found in personal care products and laundry items; and secondary microplastics, formed by the breaking up of larger plastics under environmental conditions (Andrady, 2011; Cole et al., 2011; Hidalgo-Ruz et al., 2012) .
Among the anthropogenic sources of microplastic pollution are tourism and fishery activities (Stolte et al., 2015) , the release of wastewater from industries and urban run-off (Lima et al., 2015; Patters and Bratton, 2016) , and maritime transport activities (Gallagher et al., 2016; Veerasingam et al., 2016) . In Hong Kong, Pearl River is an expected source of microplastics in beach sediments, and a greater amount of microplastics are transported during the wet season due to higher discharge (Fok and Cheung, 2015) . Similarly, in Poland and Germany, the flow of the Vistula and Oder rivers into the Gulf of Gdansk and Pomeranian Bay is one of the factors that introduces microplastics into the marine environment (Browne et al., 2011) . Riverine transport is deemed to be an important pathway for microplastics to marine environments (Zhang et al., 2016) . However, based on the spatio-temporally resolved hydrological modelling conducted by Besseling et al. (2017) , it is revealed that part of the nano-and microplastic fraction can be efficiently retained in river systems, which will not result in the 'down the drain' transport of microplastics to coastal and marine environments.
The source of microplastics in Singapore is mainly due to anthropogenic activities such as fishing, and recreation from fishing nets, food wrappers, plastic bottles, and plastic detergent containers (Nur Hazimah and Obbard, 2014) . Plastic debris undergoes degradation due to wave action, exposure to weather, and UV light, and eventually ends up as microplastics in the mangroves of Singapore (Nur Hazimah and Obbard, 2014) .
In areas as remote as Antarctica, microplastic abundance has been observed, and the sources of these microplastic concentrations were found to be proximity to the local wastewater treatment plant, ship traffic, research activities in the coastal area, transportation by means of ocean currents, among others (Cincinelli et al., 2017) .
The source of film and fragment microplastics in the Gulf of Mexico, near Texas, was reported to be from packaging and sturdy plastic materials (Browne et al., 2010a (Browne et al., , 2010b . Whereas, the source of filaments is from wastewater treatment facilities and from soil in terrestrial habitats where sewage sludge had been applied (Browne et al., 2011; Dubaish and Liebezeit, 2013) . The fibres were suspected to be released from ropes, due to weathering, that are used in fishing activities and marine transportation (Zhao et al., 2014) . Industrial accident spillages and wastewater can be a source of microplastics through the discharge of microbeads from cosmetics (Rocha-Santos and Duarte, 2015) as well as fibres from washing machines (Jiang, 2018) . According to Stolte et al. (2015) , the most possible sources for the highest microplastic concentrations are from city discharges, industrial production sites, fishing activity, and tourism. Some 18% of microplastics found are from the breakdown of nets and ropes (Andrady, 2011) .
In another study conducted at Khark Island, Iran, the highest concentration of microplastics was recorded as 217 ± 20 items/200 g (dry sediment), due to the proximity to a petrochemical plant, whereas the lowest concentration of microplastics was reported as 59 ± 20 items/200 g (dry sediment) in a remote area (Akhbarizadeh et al., 2017) . Horton et al. (2017) reported the identification of road surface markings made of thermoplastic composite paints as a source of microplastics in the River Thames basin (UK), as well as from sewage and effluent input. Sewage effluent was highlighted to be one of the significant sources of microplastics based on several studies conducted (Eriksen et al., 2013; McCormick et al., 2014) . However, in certain locations, sewage effluent may be a less significant source of large microplastic items than direct run-off from land (Horton et al., 2017) . Plastic resin pellets, a raw material used in the manufacturing of plastic products, are a common pollutant along the Great Lakes shorelines (Zbyszewski et al., 2014) . Spillage during transport and subsequent rain events can cause the entry of resin pellets into streams and storm sewers.
WWTPs are known sources of microplastics in the freshwater environment given their incomplete removal during wastewater treatment (Kalčíková et al., 2017; Estahbanati and Fahrenfeld, 2016; Magnusson and Norén, 2014) . The retention was very high, over 99.9%, for all microplastic categories at WWTPs in Lysekil, Sweden. Another study suggested that although low concentrations of microplastics were detected in wastewater effluents (with 0.21-1.5 items/L detected), WWTPs still had the potential to act as a pathway to release microplastics given the large volumes of effluent discharged to the aquatic environment (Gallagher et al., 2016; Ziajahromi et al., 2017) .
Microplastics are destroyed when this sludge is incinerated, as is the case with all sewage sludge (close to 200 million kg annually) in the Netherlands. In other European countries, a large percentage of the sludge is converted to biosolids and used in land applications, or otherwise landfilled (Fytili and Zabaniotou, 2008) . These practices have some advantages, but the trade-off is that they pollute terrestrial systems and run-off with microplastics, creating another potential route of microplastics emission to aquatic systems (Browne et al., 2011; Leslie et al., 2017; Zubris and Richards, 2005) .
The highest concentration of microplastics (1164 items/m 2 ) was found at Seberang Takir Beach, Kuala Terengganu, and the lowest concentration of microplastics (179 items/m 2 ) was found at Pasir Panjang Beach, Port Dickson (Fauziah et al., 2015) ; note that both beaches experience major fishery activity, and one is located on the northeast coast while the other is located on the southwest coast of Peninsula Malaysia. The highest concentration of microplastics in eastern Malaysia was reported to be 263 items/m 2 at Teluk Likas Beach, Kota Kinabalu (Fauziah et al., 2015) Kim et al. (2015) studied microplastic distribution on Soya Island, South Korea. On average, 46,334 ± 71,291 items/m 2 were recorded from three sampling stations. The majority of microplastic items were composed of EPS . EPS production in South Korea is high due to fishing activities. An open practice in South Korea is that Styrofoam buoys used for fishing activities are suspended in marine water and they remain suspended without cover for a very long period of time. Moreover, no one recovers or properly disposes of EPS buoys in South Korea. Hence, the recovery of EPS buoys is very low in Korea -that is, 10%. So, the degradation of EPS buoys occurs due to wave action, strong currents, exposure to UV, and extreme weathers. Buoys eventually break down into microplastic sizes and accumulate as marine debris over a long period of time (Kang et al., 2015; Kim et al., 2015; Lee et al., 2013; . A similar situation was observed in Hong Kong, where a high abundance of EPS microplastics were also found (Fok and Cheung, 2015) . Aquaculture has also been reported to be the main source of microplastics accumulation and generation in Halifax, Nova Scotia (Mathalon & Hill, 2014) . Tourism has also been reported as a source of microplastic generation. Retama et al. (2016) reported that a greater abundance of microplastics was recorded in December at beaches of Huatulco Bay, along the Pacific coast of southern Mexico, when tourism levels are at their highest, than in April when anthropogenic activities are less.
Challenges and issues in the monitoring of microplastic.
When it comes to pollution in the environment, standards that are widely accepted among researchers to determine the extent of pollution are necessary. However, there are a variety of methods utilized to determine microplastic pollution. The lack of standards results in either the under-representation or overrepresentation of microplastic pollution in the environment. Ever since microplastics first caught the attention of researchers, a great number of studies have been conducted around the globe to determine the abundance of microplastics in the environment. Therefore, the limits of the techniques or methodologies used are now evident due to the variability of results from the respective techniques or methodologies. The following sections outline the limitations.
Monitoring instruments and techniques
Monitoring instruments and techniques are highly dependent on the investigated environment. For aquatic studies, different types of sampling nets and also different mesh sizes have been used. In one study, microplastic density recorded by a Neuston net was 5.0-18.4 items/m 3 , which is higher than the microplastic concentration recorded by a Bongo net of 4.8-8.3 items/m 3 . As for Niskin bottles, fibres and other smaller microplastics ranged from 6.0E4 to 15.7E4 items/m 3 . Both nets and bottles were deployed at the same time in the same sampling area (Mauro et al., 2017) . In another study, a net with a smaller mesh size gave a higher density of microplastics in contrast to using a net with a relatively larger mesh size. A total of 4.1 items/m 3 were recorded for net I (mesh size 505 µm), and 131.5 items/m 3 for net II (mesh size 160 µm) . Hence, the abundance of microplastic is dependent on the mesh size used for the study and it is one of the chief limitations in the monitoring of microplastic concentrations (Barrows et al., 2017) .
Different types of sampling nets and different mesh sizes used by several authors are tabulated in Table 32 . Even though the Neuston net is commonly used for measuring microplastic abundance, it was primarily used for plankton ecology (Barrows et al., 2017) .
Extraction method
The main source of variation resulted from the extraction procedure rather than the sampling technique (Besley et al., 2017) .
The most common approach is to extract plastic items from the sediment using a density separation, based on the differences in density between plastic and sediment particles. Typically, this is achieved by agitating the sediment sample in concentrated sodium chloride (NaCl) solution, as described by Thompson et al. (2004) . However, as the density of the NaCl solution is only 1.2 g cm -³, only low-density plastics will float to the surface and can, therefore, be extracted. Different researchers have addressed this issue by using different salt solutions to obtain higher densities.
The stirring and settling times defined for microplastic extraction varied widely (Besley et al., 2017) . Similarly, the filtration process, including extracting the supernatant, was frequently unspecified (Hidalgo-Ruz et al., 2012) . While some studies mention repeat extractions to improve extraction effectiveness, in most studies this is not included (Browne et al., 2011; Claessens et al., 2011) .
Units
Another issue that is also depended on the techniques used is the need for a standard unit for microplastic abundance. This also requires urgent attention since the majority of the studies have been reported very briefly and oversimplified as the concentration of microplastics cannot be compared between several studies due to different units used (Hidalgo-Ruz et al., 2012; RochaSantos and Duarte, 2015) . Many attempts have been made by authors to convert the units accordingly , but the resulting unit can be biased or misleading. Hand net 50 260-1410 items/m 3 (May); 210-15,560 items/m 3 (July) Kang et al. (2015) Sampling methods need a standardization to produce accurate, precise, and comparable data of the distribution and composition of microplastics in aquatic environments worldwide (Barrows et al., 2017; Yu et al., 2018 ).
Most literature demonstrates several different methods and reporting units (e.g. microplastics per individual organism or per gram tissue) used for the quantification of microplastics in biota. This makes the comparison of microplastic contamination between studies and, hence, between locations, species, or even individuals extremely difficult. A wide range of sampling techniques are used for monitoring microplastics in sediments. As a result, the reported abundances are often expressed in different units. While a simple conversion can sometimes be made to compare among studies, often a comparison is impossible or requires assumptions that lead to biased results.
Classification of microplastic
Any plastic item measuring less than 5 mm is classified as microplastic, but the lower limit of the microplastic item is not confirmed. Authors take the liberty in their research to choose the lower limit of the microplastic (Table 33 ) instead of complying a fixed lower limit (Andrady, 2017; Fok and Cheung, 2015; Kim et al., 2015; Peng et al., 2018) . Hence, a standard lower limit is required. Mauro et al. (2017) described the shapes of secondary microplastics as either irregular or fibres. Irregulars were irregularly shaped microplastic items with sharp or rounded edges, whereas fibres were thread-like microplastic items. Phillips and Bonner (2015) adopted the classification of microplastics by Free et al. (2014) . Here, microplastics are characterized as nurdles when they are irregularly shaped cubes with smooth-to-jagged edges and without a flat plane, and as filaments when they present thin, thread-like structures; a fragment is classified as an irregularly shaped microplastic cube with at least one smooth plane, and a film is grouped as a microplastic that is thin with two smooth planes (Free et al., 2014) . Wessel et al. (2016) reported the shapes of the microplastics found in their study area as strands, hard, film, and foam: 'strands' were thread-like structures; 'hard' were irregularly shaped items; 'films' were thin, two-planed items; and 'foam' were foamy textured, thin, two-planed items. Authors often opt to only include plastics larger than 1 mm (Baztan et al., 2014; Jayasiri et al., 2013) .
Recommendations in microplastic management
A high correlation was found between microplastics and the plastic debris of EPS and fragments. This suggests that the removal of plastic debris from the environment will reduce the concentration of microplastics from increasing in the future (Fok and Cheung, 2015) , as plastic fragmentation will continuously flow into the environment, even when it is not visible to the naked eye (Andrady, 2011) .
At present, open-water and shoreline surveys designed to assess the distributions of plastic debris in oceans and lakes are time-consuming, costly, and provide limited areal coverage and temporal resolution. Remote sensing and fielddeployable sensors have the potential to overcome these limitations. However, to our knowledge, these approaches have not been widely deployed for the detection and tracking of plastic debris in aquatic environments. Thus, it is important to develop a standard method in order to collate accurate and comparable information in the management of microplastics in the environment.
Conclusions
The ever-increasing production of plastic and the mismanaged disposal of plastic have lead us to microplastic pollution where plastic breaks down into fragments measuring 5 mm and below. Then, there is microplastic that is manufactured for a designated purpose, such as exfoliants, which ends up in aquatic systems due to a lack of treatment in wastewater plants, or pellets which are accidently spilled. Undeniably, microplastic pollution has infested the entire planet for some time now. Microplastics are abundant around the globe, from the most populated places, such as China and India, to the remotest areas such as Antarctica. The source of this microplastic pollution is chiefly anthropogenic activities like tourism, fishery activities, marine traffic, etc. But the distribution of microplastic is also determined by environmental factors such as winds and current directions, cyclones, etc. Therefore, microplastics are reported in the (2015) remotest corners of the planet. However, tourism and fishing activities have been reported to play a significant role in increasing the concentration of microplastics, particularly on tourist beaches and fishing harbours. Regarding the impact of microplastics, their penetration into food chains and food webs has resulted in various detrimental disruptions in the biological systems of fauna. The widespread dispersal of microplastic pollution is gaining more attention in the public sphere, especially on the subject of trophic transfer in the food chain to humans. However, knowledge on the toxicity of microplastics to humans is very limited and, to our understanding, no study has been conducted on the direct effects of microplastics to human health. If not properly addressed, microplastic contamination may result in a reduction in the number of individuals in a population. This will not only threaten the species population, but will also upset the equilibrium of the ecosystem. As a result, it could create an imbalance in the ecosystem, which will make it vulnerable should additional pressure be imposed onto it.
All of the issues discussed here have highlighted the need for a proper microplastic management system, which calls for appropriate laws and regulations to monitor and regulate the presence of plastic and microplastics in the environment. In addition, this also signifies the need for standard methods to understand the severity of the situation related to global microplastic management. In conclusion, a standard guideline is necessary to collate accurate findings for future planning and strategies for the management of microplastic pollution.
